Objective: Both higher socioeconomic status (SES) and supportive personal relationships confer health benefits, including better immune function. This study assessed the joint impact of SES and social support on the expression of a latent herpesvirus, Epstein-Barr virus (EBV), in a group of highly stressed women. Methods: Two-hundred and twenty four women either awaiting further evaluation following an abnormal mammogram or newly diagnosed with breast cancer completed questionnaires and provided blood samples to assess EBV viral capsid antigen (VCA) IgG antibody titers. Results: More highly educated women with more support from friends had lower EBV VCA antibody titers, reflecting a stronger cellular immune response to the latent virus; however, among less educated women, friend support was not associated with EBV antibody titers. As revealed in an ancillary analysis, more highly educated women with more friend support had lower systolic blood pressure (SBP); however, friend support was not associated with SBP among less educated women. Neither depression nor perceived stress mediated these associations. Neither cancer status nor cancer stage among those diagnosed with cancer was significantly related to these outcomes. Conclusion: Lower SES women may not reap the same immunological benefits from friend support when experiencing a stressful life event as their higher SES counterparts.
Health disparities increase with each step down the socioeconomic status (SES) ladder (Adler & Rehkopf, 2008) . Adults with lower incomes, less education, and less prestigious jobs are at greater risk for chronic disease, disability, and premature mortality (Stowe et al., 2010) . Although income clearly limits health care access, the connection between lower SES and poor health still exists in countries with universal health care; thus, health care access is not the sole mechanism (Cohen, Doyle, & Baum, 2006) . Understanding why SES-related health disparities exist could lead to improvements in health.
Maladaptive alterations in immune function are central to SES health disparities. Research addressing pathogen burden has provided some of the strongest data in this regard, with the herpesviruses playing a pivotal role (Stowe et al., 2010) . Once a person has been infected with one of the herpesviruses, they will carry the virus for the rest of their life (Glaser & Kiecolt-Glaser, 1994) . Herpesviruses create persistent latent infections, in which the virus remains "dormant" in latently infected cells. Under a variety of conditions, the virus may be triggered to reactivate in those cells and replicate, thereby producing new virus particles that kill cells. Persistent infections fuel chronic inflammatory responses, which in turn are linked to a range of age-related diseases (Steptoe et al., 2007) .
SES researchers have focused on the Epstein-Barr virus (EBV), herpes simplex virus Type I (HSV-1), and cytomegalovirus (CMV) infections (Simanek, Dowd, & Aiello, 2009; Steptoe et al., 2007; Stowe et al., 2010) ; these herpesviruses are ubiquitous in adults. More than 90% of adults are EBV seropositive (previously infected) (Glaser & Kiecolt-Glaser, 1994) , and more than 90% of individuals have antibody to HSV-1 by their 40s (Nahmias & Roizman, 1973) . Lower SES individuals are more likely to be infected with each of these herpesviruses earlier in life than higher SES individuals; they are also more likely to be seropositive for multiple pathogens and to show evidence of viral reactivation (Stowe et al., 2010) .
Psychological stress and depression can drive herpesvirus reactivation or replication by impairing the ability of the cellular immune system to control viral latency (Glaser & Kiecolt-Glaser, 1994) . Both stress and depression are higher among those with lower incomes and less education (Adler & Rehkopf, 2008) . When the cellular immune system is compromised, EBV and other herpesviruses reactivate; the increased antiviral antibody production reflects the immune system's response to heightened herpesvirus replication (Glaser & Kiecolt-Glaser, 1994) .
Supportive interpersonal relationships can buffer the negative effects of stress on the cellular immune system and herpesvirus latency. For example, dementia spousal caregivers who reported lower levels of social support on entry into a longitudinal study showed greater negative changes in immune function a year later, including increases in EBV antibody titers (Kiecolt-Glaser, Dura, Speicher, Trask, & Glaser, 1991) . Lonelier medical students had higher EBV antibody titers than their fellow students who were not as lonely (Kiecolt-Glaser et al., 1984) .
The experience of awaiting or receiving a breast cancer diagnosis is highly stressful, and supportive interpersonal relationships can buffer this distress (Hegel et al., 2006) . Indeed, one study found that the elevated distress observed before a diagnostic breast biopsy remained high after the biopsy, regardless of the diagnostic outcome (Witek-Janusek, Gabram, & Mathews, 2007) . Supportive interpersonal relationships predict better adjustment among women diagnosed with breast cancer (Arora, Finney Rutten, Gustafson, Moser, & Hawkins, 2007; Burgess et al., 2005; Epplein et al., 2010) .
Lower SES individuals may not obtain the same stress reducing benefits from social support as higher SES individuals (Riley & Eckenrode, 1986) . Lower SES people receive lower quality support from others than those who are of higher SES (Belle, 1982 (Belle, , 1990 Krause & Borawski-Clark, 1995) . Higher SES individuals are more likely to seek support in times of high stress compared with those who are of lower SES (Krause, 1997) . This difference is important because people benefit most from social support when they experience stress (Cohen & Wills, 1985) . Accordingly, SES may moderate the link between social support and health.
This study investigated how SES and social support were related to cellular immune function in a highly stressed sample of newly diagnosed breast cancer patients or those awaiting a potential breast cancer diagnosis. Specifically, we addressed the question of whether SES moderated the association between social support and EBV antibody titers. Psychological stress and depression can drive herpesvirus reactivation, and people benefit most from social support when stressed (Cohen, 2004; Cohen & Wills, 1985) . Given the heightened distress surrounding an abnormal mammogram or breast cancer diagnosis, we studied these relationships in both groups. Although we did not expect differential results between those awaiting a breast cancer diagnosis or newly diagnosed with breast cancer based on related studies (Witek-Janusek et al., 2007) , we tested for these differences. As an ancillary analysis, we also assessed relationships between SES, social support, and blood pressure.
Method Participants
Eligible women had an initial abnormal mammogram and were recruited prior to a diagnostic biopsy or immediately following a breast cancer diagnosis, allowing us to capture distressed women during diagnosis or soon thereafter. The women with benign diagnoses participated in the study prior to learning their cancer status; diagnoses were confirmed by medical records following participation. Screening exclusions included a prior history of breast or any other cancer except basal or squamous cell skin cancers. The institutional review board approved the project; all subjects gave written informed consent prior to participation.
Out of the 228 participants enrolled, three were EBV seronegative and one had not received a final diagnosis (i.e., benign or cancer); therefore, they were removed from analyses. Electronic medical records provided data on height and weight for all 224 women; they also provided blood pressure values within 6 weeks of the study visit for 143 women.
Procedure
One hundred and thirty-four women were recruited from outpatient surgical oncology clinics following a breast cancer diagnosis and participated prior to any treatment (i.e., surgery, radiation, or chemotherapy). Ninety women were recruited from surgical oncology and mammography clinics and participated prior to learning their cancer status. In this group of 90 women, 17 were subsequently diagnosed with cancer and 73 received a final benign diagnosis. Blood draws and questionnaire completion were conducted at the recruitment site or scheduled for a later time.
Determination of EBV Viral Capsid Antigen (VCA) Immunoglobulin-G (IgG) Antibody Titers in Plasma
EBV VCA IgG represents the antibody response to the combination of multiple viral proteins that make up the virus coat. We assessed antibody against EBV VCA IgG in plasma to assess control over viral latency. Plasma was stored atϪ80°C until assayed with Euroimmun EBV ELISA plates (Boonton Township, NJ). This ELISA's antigen, a cell lysate of human B-cells infected with EBV strain P3HR-1 comprises various viral capsid proteins, including gp22, gp33, gp40, gp41, gp42, and gp116. EBV-VCA IgG antibody titers were assessed following instructions, with kit controls (one positive sample, one negative sample, and three calibrators) run in duplicate. After the initial 1:101 dilution, six serial twofold dilutions of each sample were assayed, and the last positive value was the IgG antibody titer. Calculated viral titers for each sample were plotted and samples were rerun if the endpoint did not fall within the linear range (Ϯ15%).
Measures
Depression. The Center for Epidemiological Studies Depression Scale (CES-D) has been used extensively as a brief measure of depressive symptomatology (Basco, Krebaum, & Rush, 1997; Radloff, 1977) . Studies have shown acceptable test-retest reliability and excellent construct validity (Basco et al., 1997) . As the CES-D has also distinguished depressed from nondepressed participants in community and clinical samples, discriminative validity appears acceptable as well (Basco et al., 1997) . Population norms provide cutoffs for varying levels of depression (Basco et al., 1997) , and it has been widely used in cancer studies (DemarkWahnefried et al., 2003) . In this sample, Cronbach's alpha was .92.
Stress.
The Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983 ) was used to assess stress levels. It is designed to measure the degree to which individuals appraise situations in their life as stressful. In this sample, the 10-item short form was used and its coefficient alpha was .91.
Social support. The two subscales of the Perceived Social Support (PSS) Scale assess support from friends and family members. Higher scores reflect greater perceived social support (Procidano & Heller, 1983) . The alpha for the PSS-family subscale was .90 and the alpha for the PSS-friends subscale was .94. Separate assessments of friend and family support were desirable because there is evidence that the effects of friend and family support may differ across different demographic populations (Procidano & Heller, 1983; Turner & Marino, 1994) .
Comorbidities. The Charlson index is the most widely used comorbidity index (Charlson, Szatrowski, Peterson, & Gold, 1994) . Originally developed for predicting mortality in breast cancer patients, it has now been widely used with both cancer and noncancer populations (Dobnig et al., 2008) . Anyone who had more than 3 comorbidities was coded as a 3, given that less than 5% of our sample exceeded this number.
Sleep.
The Insomnia Severity Index (Morin, 1993) has been used reliably to collect data on insomnia severity (Bastien, Vallieres, & Morin, 2001 ), including data from cancer patients (Savard, Savard, Simard, & Ivers, 2005) . Higher numbers indicate greater insomnia severity. In this sample, Cronbach's alpha was .89.
Demographic and clinical variables. Participants answered questions about their age, race, highest level of education, marital status, smoking status, weekly average alcohol consumption, and current medication use. Following participants' authorization, electronic medical records were reviewed to obtain blood pressure, height, and weight data; body mass index (BMI; kg/m 2 ) was calculated from height and weight data. Breast cancer stage data were obtained through the Cancer Registry or electronic medical records.
Educational level was used to assess SES because 40% of the women in our sample did not work outside the home. In addition, education is less vulnerable to fluctuations than current income and job status (Gorman & Sivaganesan, 2007; Marmot et al., 1998; Winkleby, Jatulis, Frank, & Fortmann, 1992) . Women chose from the following options: junior high only, some high school, high school graduate, some college, college graduate, or graduate/ professional school.
Analytic Method
Education was modeled as a continuous variable based on prior work showing that the association between SES and health is monotonic (i.e., the association between SES and health shows a gradient increase) (Adler et al., 1994; Gallo, Bogart, Vranceanu, & Matthews, 2005) . A log 10 transformation normalized the distribution of EBV antibody titers. Zero-order correlations assessed relationships between education, social support, EBV antibody titers, systolic blood pressure (SBP), diastolic blood pressure (DBP), age, BMI, comorbidities, depressive symptoms, and alcohol consumption. Chi-square tests were conducted to assess group differences among dichotomous variables. Analyses of variance (ANOVAs) tested for group differences on all continuous variables. Among cancer patients, ANOVAs assessed breast cancer stage group differences on EBV antibody titers, SBP, DBP, depression, family support, friend support, and education.
Using separate ordinary least squares multiple regression, we addressed the question of whether SES interacted with social support to predict each study outcome. All independent variables were grand mean centered. We examined residuals to confirm that they distributed normally. To test for moderation, family support, friend support, education, and the interactions between family support and education, and friend support and education were entered as predictors.
For each analysis, we ran both unadjusted and adjusted regression models. When predicting EBV antibody titers in the adjusted models, we controlled for age, BMI, sleep, alcohol consumption, and comorbidities as linear, and cancer status (1 ϭ breast cancer, 0 ϭ benign control) and smoking status (1 ϭ current smoker, 0 ϭ nonsmoker) as indicator variables. In the adjusted models predicting blood pressure, we also controlled for blood pressure medication (1 ϭ user, 0 ϭ nonuser). SBP and DBP were analyzed in separate models. In the model predicting depressive symptoms, we adjusted for age, cancer status, and comorbidities. To test if relationships between SES and social support could be explained by depression or stress, we added depressive symptoms and perceived stress (independently) as a final step of the models predicting EBV antibody titers and blood pressure.
Results
As shown in Table 1 , women with breast cancer had more comorbidities than women in the benign group, consistent with the fact that the former all had a cancer diagnosis. In addition, women with breast cancer reported more family and friend support than women in the benign group. Smoking status, race, marriage status, all 2 s (1, N ϭ 224) Ͻ .75, ps Ͼ .39, and blood pressure medication, 2 (1, N ϭ 139) ϭ .22, p ϭ .64, were not significantly related to the cancer status group. The analyses comparing those who knew they had cancer with the group awaiting a cancer diagnosis produced identical results to the analyses comparing those who had breast cancer with benigns; the group that knew they had a cancer diagnosis mirrored the breast cancer group, while the group awaiting a cancer diagnosis mirrored the benign group.
Among those diagnosed with cancer, breast cancer stage was not related to the primary variables of interest: EBV antibody titers, depression, family support, friend support, or education, all Fs(4, 138) Ͻ 1.67, ps Ͼ .16, nor systolic or diastolic blood pressure, all Fs(4, 102) Ͻ 1.43, ps Ͼ.23. The average CES-D score was over 14; 44.6% of the sample scored 16 or higher, the clinical depression cut-off (Radloff, 1977; Roberts & Vernon, 1983) . Our sample was clearly highly distressed. Table 2 provides correlations for all linear variables. Neither SBP nor DBP was associated with EBV antibody titers. Neither depression nor perceived stress was associated with EBV antibody titers, SBP, or DBP. Education was not directly related to either friend or family support. Table 3 summarizes the analyses that assessed whether education and social support interacted to predict EBV antibody titers. Although the interaction between family support and education was not significant, friend support interacted with education to predict EBV antibody titers in both the unadjusted and adjusted models. Specifically, more friend support was significantly associated with lower EBV antibody titers among more highly educated women (see Figure 1) ; however, this was not the case among less educated women. Neither depressive symptoms nor perceived stress mediated this interaction.
As can be seen in Table 4 , for both the unadjusted and adjusted models, there was no significant interaction between family support and education predicting SBP. Similar to the results for EBV antibody titers, friend support and education interacted to predict SBP. Specifically, more friend support was associated with lower SBP when level of education was high (see Figure 1) ; however, this was not the case when level of education was low. Neither depressive symptoms nor perceived stress mediated this interaction. For DBP, neither family support nor friend support interacted with SES. Table 5 summarizes the analysis with depressive symptoms as a dependent variable. Those who reported less family and friend support had more depressive symptoms. Education was not associated with depressive symptoms and it did not interact with family or friend support in predicting depressive symptoms.
Post hoc analyses revealed no higher order interactions between cancer status and the reported associations. Likewise, there were no higher order interactions between those who knew they had a positive cancer diagnosis and those who were awaiting a cancer diagnosis. Given that neither SBP nor DBP was associated with EBV antibody titers (previously mentioned), blood pressure could not mediate the interaction between education and social support predicting EBV antibody titer levels. For all analyses, family and friend support were also modeled separately because of their high correlation; the pattern of results did not change.
Discussion
The connection between SES and physical health is a notable public health concern, and a better understanding of the factors that contribute to these disparities is important (Blane, 1995) . This study addressed the joint impact of social support and SES (in- dexed by education) in women who were dealing with the significant stress of a potential or an actual breast cancer diagnosis. More highly educated women who had more support from friends had lower EBV antibody titers, reflecting better cellular immune function; however, for less educated women, friend support was not associated with EBV antibody titers. The current findings add to our understanding of the potential underlying mechanisms behind SES disparities seen in cancer survivors and the general population. In general, more supportive interpersonal relationships have been associated with better cellular immunity (Kiecolt-Glaser et al., 1991; Kiecolt-Glaser et al., 1987) . In terms of friend support, our results suggest this may not be the case for those who are of lower SES. SES and social support may not have been directly related to EBV antibody titers because of the strength of this interaction. Indeed, due to the high levels of distress found in our sample, it is not surprising that depressive symptoms and perceived stress did not predict EBV antibody titers.
Elevated antibody titers to a latent herpesvirus reflect poorer cellular immune system control over virus latency (Henle & Henle, 1981), and thus provide one broad marker of cellular immune system function. The elevated antibody titers that signal poorer control over viral latency are most often asymptomatic, but not benign. Recent research has highlighted links between herpesvirus reactivation and inflammation. For example, a viral protein synthesized during EBV replication can enhance production of proinflammatory cytokines IL-6, TNF-␣, and IL-1␤ (Glaser et al., 2006) . Elevated CMV antibody titers have been associated with increased IL-6 and TNF-␣ production (Roberts, Haan, Dowd, & Aiello, 2010) . Thus, inflammatory responses to viral replication may serve to increase proinflammatory cytokine production. Among more highly educated women, more friend support, but not family support, was associated with better cellular immunity. Most social support scales do not differentiate between friend and family support (Gottlieb & Bergen, 2009) . During a cancer experience, support from friends may be particularly beneficial as family members are likely dealing with their own shock and fears (Cassileth et al., 1985; Compas et al., 1994; Edwards & Clarke, 2004) . Furthermore, family members are expected to be a source of support, while an outpouring of support from friends may come as a welcome surprise. One study showed that breast cancer survivors reported more satisfaction with the support they received from friends than family members (Neuling & Winefield, 1988) . As described by others, higher SES friends are able to provide higher quality support than their lower SES counterparts (Belle, 1982 (Belle, , 1990 Krause & Borawski-Clark, 1995) . In addition, friends may not be able to protect lower SES women against other chronic stressors that disproportionately affect them and may also affect immune function (e.g., economic strain, multiple social demands, other sick family members, etc.).
Education can provide an entrée into peer groups that provide higher quality support, while simultaneously promoting positive health behaviors and self-efficacy (Winkleby et al., 1992) . Accordingly, our SES measure might be tapping into the quality of support these women's friends are able to provide, while other SES measures may not. For example, subjective social status may be more indicative of one's perceived position within a social network than the quality of support received from that social network (Matthews & Gallo, 2011) .
The current findings are in accord with work suggesting that SES is an important moderator of the relationship between social support and health outcomes such that higher SES individuals are more likely to benefit from social support than those with fewer resources (Gorman & Sivaganesan, 2007) . Other SES studies have produced different results. For example, one study found that those with lower incomes actually benefited more from support than those with higher incomes (as indexed by high-density lipoproteins and natural killer cell activity) (Vitaliano et al., 2001) . However, half of that sample consisted of spousal caregivers whose caregiving duties likely made them more vulnerable to changes in both their income and social network. Another study found that those with lower education, but not higher education, had lower IL-6 if they also reported more positive relations with others (Morozink, Friedman, Coe, & Ryff, 2010 ). Yet the positive relationship measures used in this investigation tapped into people's ability to trust others rather than their perceptions of support.
EBV antibody titers did not differ between our breast cancer and benign control participants. In accord with our data, a large prospective case-control study also showed that EBV VCA IgG antibody titers did not differ between breast cancer patients and controls prior to cancer diagnosis (Cox et al., 2010) . However, chemotherapy can depress cellular immune function, a process which promotes herpesvirus reactivation (Kuo et al., 2008) . In one study with cancer patients who were assessed before chemotherapy and then followed through treatment, both CMV IgG antibody titers and CMV viral load in leukocytes rose steeply during chemotherapy (Kuo et al., 2008) . Two proinflammatory cytokines, TNF-␣ and IFN-␥, also increased substantially following reactivation, but not before (Kuo et al., 2008) . Thus, premorbid differences in herpesvirus latency and inflammation could be exacerbated by cancer treatment.
The interaction between friend support and education predicting SBP mirrored the interaction predicting EBV antibody titers. SBP is an important predictor of cardiovascular disease (Kannel, 1999) . Both elevated blood pressure and higher levels of EBV antibody titers are associated with higher hypothalamic-pituitary-adrenal (HPA)-axis and sympathetic activity (Cacioppo et al., 2002; Connell et al., 1987; Grassi, Cattaneo, Seravalle, Lanfranchi, & Mancia, 1998; Lin & Dean, 1984) . Accordingly, alterations in autonomic and HPA-axis functioning may be the shared physiological mechanism underlying these parallel findings. Our blood pressure results were preliminary in nature and should be interpreted with caution given that they were unavailable for many of the participants and taken from medical charts at varying times within the assessment.
We focused exclusively on women who were newly diagnosed with breast cancer or awaiting a breast cancer diagnosis; thus, we do not know if our findings generalize to men, one limitation of our study. Furthermore, our sample was predominately White, another limitation of our study that should be addressed in future work with a more diverse sample. Although our sample was more educated than the general population, we were nonetheless able to detect theoretically consistent results. It is possible that our findings would be even stronger if we had been able to study more women who were less educated. Education was the best SES index for our sample because a large proportion of the women were older and did not work outside the home. However, future research with different samples would ideally examine how other SES indices such as job status also influence these outcomes.
In conclusion, our data suggest that less educated women may not reap the same immunological benefits from friend support as their more educated counterparts. This difference may be important because cancer treatment can diminish cellular immunity (Kuo et al., 2008) . Future research should address how cellular immune differences observed following diagnosis contribute to subsequent health disparities during cancer treatment and recovery. These findings add to our growing understanding of how SES disparities influence health.
